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Gentlemen. Thank you for finding the time to permit me to summarize
recent NAFEC efforts, since our last meeting 6 months ago, toward
developing a toxic gas emission criteria for burning cabin materials.

I can imagine that much of your time is being spent reacting to the
adverse criticisms by both ABC's Jules Bergman and a congressional
study of FAA's role in aviation safety. A greater and more frequent
exchange of technical information, as I hope will transpire today,

will better equip FAA to fulfill its responsibility of making air travel
as safe as is technically and economically possible.

First viewgraph please. The general outline of my presentation is
divided into four parts: major accomplishments, major conclusions,
present efforts, and recommendations. I would like to preview the
presentation by stating that for the first time we have some prelim-
inary evidence that supports the contention that a toxic gas emissions
regulation can be based on an analytical approach. This evidence is
the result of recent tests conducted at CAMI at the informal request
of Dr. Joe Spurgeon of NAFEC wherein animals were directly exposed
to the combustion products of a small number of interior materials
previously analyzed at NAFEC. First, however, I would like to
chronologically describe our major accomplishments over the last

6 months.

Next viewgraph please. Much of the work that we have done was with

15 cabin materials, used in wide-bodied jets, selected because of

their known chemical or physical makeup or wide usage. We tested

five fabrics - 100 percent PVC, 100 percent wool, two PVC/wool blends
of different known proportions, and Nomex, a popular fire resistant

fiber developed by DuPont. Two identical wool pile carpets were tested,
except No. 34 also had a urethane pad backing. In order to evaluate the
performance of fabricated assemblies, we tested three panels - No. 24
consisted of a PVC core with fiberglas faces, No. 56 was a Nomex
honeycomb panel with aluminum faces and a PVC finish, and No. 67 was

a Nomex honeycomb panel with fiberglas faces and a PVC finish, Finally,
we analyzed five seat foams, which are especially hazardous because of
their cellular construction - No. 86 was a PVC foam, while the remaining
were urethanes, Nos. 79 and 143a were polyether types and Nos. 104 and
143c were polyester types. Gas analysis was limited to the known pre-
dominant toxic species for these materials - CO, HCN, AND HCI.

Next viewgraph please. I have selected four major accomplishments for
discussion. These are based on analysis of the previously shown materials



and gases and are described in an FAA interim report prepared by Joe
Spurgeon which has thus far undergone initial review and appropriate
revision. Let's just look at the first major accomplishment - we have
"compared different methods of sampling and analyzing combustion gas
mixtures from the NBS chamber in order to best determine gas
concentration-time profiles. "

Next viewgraph please. We compared four methods of sampling combus-
tion gas mixtures from the NBS chamber - direct colorimetric tube, Saran
bags, fritted impingers or bubblers, and syringes. Without getting into
the details of the comparison or a description of the NBS chamber with
which most of you are familiar, I would just like to say that syringe sampling
was by far the best method. It has the following advantages: (1) '"Best
sample recovery of the methods evaluated" - i.e., gas losses from the
sampling technique were minimal; (2) ""Rapid sampling time (approximately
10 seconds)' - thus, the sample is almost representative of that at a par-
ticular point of time during the test rather than the average over some
sampling interval; (3) ''small sampling volume (30 cc = 0. Q06 percent of
the NBS chamber volume)' - we do not have to be concerned over dilution
of the gas mixture as a result of a large sample volume; (4) ''chemical
resistant Teflon plunger and hub'' - this helps to assure high sample
recoveries; (5) '"'simultaneous multiple syringe sampling is practical' -
thus, at the same time, we can sample a number of gases that may each
require a different absorbing solution; and (6) ""simple manual operation' -
thus, if necessary, we could utilize untrained personnel to take samples
during a test.

Next viewgraph please. This viewgraph depicts the smoke and toxic gas
levels of a vinyl fabric tested in the NBS chamber and typifies the type of
data that is forthcoming on 75 wide-bodied cabin materials. HCI was
measured at 1-minute intervals from syringe samples. A dangerous peak
concentration of 2750 ppm was measured. Carbon monoxide, as measured
with an infrared gas analyzer, increased progressively for the entire
10-minute test in an approximately linear fashion (CO has behaved in this
manner for all materials tested thus far in the NBS chamber). The smoke
level as measured with a photometer reached a maximum specific optical
density of 200 at 3 minutes. Compared to other reasonably priced and
readily available materials, in terms of a smoke and especially toxic gas
hazard, as you will find later in the presentation, this fabric has no place
in a commercial transport cabin.



May I have the third viewgraph again? Our second major accomplishment
was as follows: we '"compared the NBS smoke chamber and combustion
tube furnace with regard to the credibility and reproducibility of combustion
gas measurements., "

Next viewgraph please. Let's examine the procedure used for testing a
material in the combustion tube furnace. A test sample, usually weighing
about 10 mg, is placed in a high-temperature glass tube, Air is drawn
through the glass tube by a vacuum pump and the flow rate measured with

a rotometer. The test begins when the tube with sample is inserted into

an annular furnace preheated to a prescribed, fixed temperature - usually
6000C, or about 1100°F. Over the 10-minute test duration, the effluent
composed of the combustion products and carrier air stream is passed
through a fritted bubbler containing an absorbing solution. After the test

the ion concentration in solution of the specific gases of interest is measured
with the appropriate ion selective electrodes. Thus, and this is important,
the total quantity of toxic gases produced by the burned specimen is collected
and measured in the bubbler. In contrast, in the NBS smoke chamber, gas
measurements are performed at a selected location in the chamber and at
specified, periodic times during the test. The absence of the independent
variables time and space in the combustion tube test procedure assure a
high accountability of the quantities of toxic combustion gases. '

Next viewgraph please. For the selected 15 materials, the reproducibility
of HC1, HCN, and CO measurements was compared between the NBS
chamber and combustion tube furnace. This viewgraph shows the comparison
of HC1 produced by testing a 100 percent PVC fabric. Three replicate tests
were conducted for each test method. The maximum concentration of HCl1
measured in the NBS chamber was converted to the yield of HCl per weight
of specimen which in turn was related to the percentage of theoretical yield,
" i.e., the ratio of the amount of HCI measured in the combustion gas mixture
to the amount of HCl known to exist in the unburned polymer. For this
material and gas, the relative standard deviation is excellent for both
test methods, but is slightly higher for the NBS chamber. Notice, however,
that the average percentage theoretical yield is close to 100 percent for
the combustion tube furnace, which is also about 23 percent higher than for
the NBS chamber.

Next viewgraph please. The generally higher and more credible recovery of
combustion gases in the tube furnace compared to the NBS chamber is illus-
trated on this viewgraph., The yield of HCN measured per weight of material
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is plotted as a function of wool content for both test methods. Three wool/
PVC blended fabrics containing 49 percent, 76 percent, and 100 percent
wool were tested. For the combustion tube furnace - circular data points -
the linearity of the plot indicates that the production of HCN was predictable,
and also that the yields may have been quantitative. In contrast, the
recovery of HCN in the NBS chamber was significantly lower and did not
follow a rational behavior.

Mavy I have the third viewgraph again. Our third major accomplishment was
as follows: we ''ranked materials on the basis of a relative hazard index
calculated from toxic gas measurements in the NBS smoke chamber and
combustion tube furnace."

Next viewgraph please. The task of analytically evaluating the toxicity of

a wide spectrum of polymeric materials, including fabrics, films, trans-
parencies, foams, laminates, and assemblies, each of which can produce
large quantities of different gases from one another, is indeed formidable.
The simplest approach to solving this problem is to calculate a relative
hazard index, or RHI, for each material. We have used an equation similar
to the one proposed by Sumi and Tsuchiya. It is assumed that the toxicity
of a material due to a specific combustion gas is a linear function of the
concentration of that gas (Ce) relative to the tolerance limit (Ci). Also, the
contribution of different gases are assumed to be additive. For the three
gases measured in this study we have estimated 5-minute tolerance limits
from various literature sources. I must emphasize that experimental data
are lacking in this area. A sample calculation of RHI is shown. Suppose
the concentration of CO is 600 ppm, HCN is 600 ppm and HCI is 5 ppm.

The RHI is calculated to be 3.22. We also see that HCN was by far the
predominant toxic species, and that the contributions of CO and HCIl to the
toxicity were about equal although much less than HCN.

Next viewgraph please. One objective of this study was to compare the
relative hazard indices calculated from analytical data from the combustion
tube and the NBS chamber. On this viewgraph, we have ranked materials
from four classes - fabrics, foams, carpets, and panels - on the basis of
decreasing toxicity from combustion tube data, and compared this ranking
with that predicted from NBS chamber data. I should emphasize that a
comparison of the absolute values of RHI for the combustion tube and NBS
chamber has no significance since the combustion tube rating is on a unit
weight basis while the NBS chamber rating is per unit area. Furthermore,
the combustion tube data consists of the total amount of toxic gas produced



that was diffused into the 2-liter volume of the carrier gas, whereas

the NBS chamber data consists of the peak concentration, in time, inside
the 510-liter chamber volume. First, note that the fabrics are ranked

in the same order by both methods, with the PVC being the most hazard-
ous. This was the only class in which the relative ranking by both
methods was identical. Although three of the foams were ranked in the
same order, materials 79 and 104 were reversed. For the two carpets,
the combustion tube data rated the wool pile with urethane backing to be
more hazardous than the unbacked carpet, whereas in the NBS chamber both
carpets were rated equally, Similar discrepencies existed for the panels,
although both methods judged panel 24 to be least hazardous. The general
agreement between the two test methods in ranking for the fabrics and
foams and lack of agreement for the carpets and panels is understandable.
Differences in methods of specimen exposure to heat between the com-
bustion tube and NBS chamber should not effect the burning of the uniform
fabrics and foams as much as the layered carpets and panels.

Next viewgraph please. On this viewgraph we have the general ranking of
the 15 materials analyzed based on a calculated relative hazard index
from combustion tube data and from NBS chamber data. Some very
important trends are evident. Both tests methods rated the PVC-containing
materials to be the seven most hazardous. These included panels, foams,
and pure and blended PVC fabrics. In part, this high hazard is related

to the relatively low brief exposure limit of 50 ppm estimated for HCI.

The next three most hazardous materials agreed upon by both test methods
were the wools, including two carpets and a seat fabric. After this the
agreement ends. From the combustion tube data, Nomex was rated more
hazardous than the urethane foams, while just the opposite was predicted
using NBS chamber data. At this point we asked ourselves a very obvious
but nevertheless important question: were the above rankings or trends
plausible? The most direct way to answer this question was to conduct
animal tests with the same materials that we analyzed.

May I have the third viewgraph again? Our fourth major accomplishment
was that we "participated in tests at CAMI consisting of the exposure of
rats to the combustion products from selected materials and correlated

the animal behavior with gas measurements performed at NAFEC. "' Joe
Spurgeon contacted Drs. Paul Smith and Charles Crane at CA M and they
expressed an interest in and willingness to conduct preliminary animal
studies on a small number of materials. A test apparatus was assembled in
several weeks and Joe flew down to CAMI to participate in the experiments.



Next viewgraph please. A sc¢hematic drawing of the animal test apparatus
is shown on this viewgraph. Two rats were placed in a 5. 6-liter exposure
chamber. A fan was provided to mix the combustion gases. The material -
nominally 500 mg - was burned in a comhustion tube furnace at approxi-
mately 600°C. Two tests were conducted per material. The first visible
smoke entered the chamber about 2 minutes after the test was initiated.
Passage of the combustion gases into the chamber was also aided by .
injections of air from the closed end of the tube furnace at 3, 5, and 10
minutes by a 100-cc syringe. The material was burned for 10 minutes
and the animals remained in the exposure chamber for 30 minutes. Nine
of the 15 materials analyzed at NAFEC were also tested at CAMI. These
tests were completed in only 3 days. The nine materials selected were:
five fabrics, including PVC, wool, two PVC/wool blends with different
proportions, and Nomex; two carpets, one with a wool pile only and the
other a wool pile and urethane pad backing; and two urethanes, a polyether
and a polyester.

Next viewgraph please. This viewgraph shows a plot of the time to
incapacitate the rats (y axis) vs the yield of HCN from the combustion
tube as measured at NAFEC. The relative toxicity of the materials is
being compared by using the times to iricapacitation rather than the time
to death, since the former measurement is more relevant to escape from
a cabin fire. Moreover, time to incapacitation is a more reproducible
measurement, as shown by the lines through the data points which indicate
plus and minue the standard deviation. Although the results from this
series of tests are preliminary in nature, they suggest that the time of
incapacitation may be related to the HCN yields from previous combustion
tube experiments. This does not mean that the incapacitation of an animal
necessarily resulted from the HCN concentration in the exposure chamber.
Rather, this apparent correlation suggests that the analysis of combustion
gases for HCN may provide an indication of animal toxicity for many
nitrogen-containing materials, Nomex and a wool (76 percent)/PVC

(24 percent) blend were the only materials that did not lie on the curve

fit. The toxicity of Nomex is less than that predicted from the total yield
of HCN alone, as measured from the combustion tube furnace. One
possible explanation for this behavior can be found upon examination of
the HCN concentration-time curve for this material tested in the NBS
chamber. This curve exhibits a sharp upturn after 7 - 10 minutes. Thus,
the benefit of Nomex is by way of its thermal stability and resulting pro-
tracted period of decomposition. However, once decomposition of Nomex
has occurred, the resulting products appear to be highly toxic. The
example of Nomex illustrates a major deficiency in the combustion tube
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data - the absence of any indication of the rate of toxic gas generation -
and underlies our reluctance to abandon the NBS chamber for the more
accountable and reproducible combustion tube furnace. The relatively
high toxicity of material 82, a 76 percent wool/ 24 percent PVC blend,
cannot be explained analytically, although it is possible that reduced con-
centrations of HCl act as a synergist to the combustion products of
nitrogen-containing materials. The 100 percent PVC fabric is not included
on the plot since it is not a nitrdgen-containing material. However, the
average time to incapacitation for this material was only 3. 5 minutes.
Therefore, the animal test results for homogeneous materials indicate that
PVC is more toxic than wool which is more toxic than Nomex which is more
toxic than urethane; this ranking was also predicted by the relative hazard
index calculations using combustion tube data. The greater toxicity of
polyether urethane (79) compared to the polyester type (104) and the wool
pile carpet with urethane pad (34) compared to the unbacked carpet was
also predicted correctly from combustion tube data.

Next viewgraph please. I would now like to briefly list the major conclusions
reached at this time. One, 'syring.....evaluated.' The other methods
evaluated were direct colorimetric tubes, Saran bag sampling and fritted
impingers. Two, ''Reproducibility of..... methodology. ' Materials which
have exhibited variability in the NBS chamber have been the thermoplastics
and urethane foams. Three, 'In the.....HCL. " Undoubtedly, the high
accountability of gases in the combustion tube is related to the fact that’
the entire effluent over the test duration is measured. Four, '""The ranking
.+...panels," Five, "A computed.....or Nomex.' This order was
predicted based on data from the combustion tube or NBS chamber;

however, the combustion tube ranked Nomex more toxic than urethane, and
the NBS chamber vice versa. Six, '""The....data.' Seven, '"Preliminary
.....furnace.' I must emphasize here that at this time we are only saying
that HCN was a good indicator of the toxicity of the material. Eight, "Some
w.....burned.' Specifically, I am referring to the extremely toxic behavior
of the 76 percent wool/24 percent PVC blended fabric that incapacitated

the animals in 2.7 minutes. Nine, '""Determination..... gases.'' We feel
that animal studies could be completed in a reasonable period of time on

the 75 materials being analyzed at NAFEC. Ten, '"A preliminary.......
approach.'" This was an important finding that was assumed to be valid in
the 9550.

Next viewgraph please. Here we have typical data obtained recently with
colorimetric tubes on a wool pile carpet with urethane pad backing tested
in the NBS chamber. Gases detected were CO, HCl, HCN, NOX, aldehydes,
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and SOZ‘ Since HF, HS, and NH3; were not detected, analysis for these
gases will be excluded when this material is retested using accurate
analytical methods. This carpet was very smokey, producing a maximum
specific optical density of 431, significantly higher than the proposed limit
of 200.

Next viewgraph please. The final part of my presentation is concerned with
recommendations to satisfy Flight Standards Service regulatory proposals
on toxic gas emissions and cabin fire safety in general. Recommendations
concerning toxic gas emissions proposals are divided into 2 parts: first,
minimal additional efforts required to support a near-terma NPRM, and
second, comprehensive efforts required to support a far-term NPRM.

Next viewgraph please. A question often raised is: what is the minimal
efforts required to support a toxic gas regulation? The concensus of
workers in the field of combustion gas technology is that some form of
animal testing is required, although the extent is often debated. At NAFEC
we feel that a regulation limiting toxic combustion gas levels based on
analytical data unsubstantiated by animal toxicity studies would be severely
criticized by the airframe manufacturers, material suppliers, NASA, NBS,
the academic community, etc. Therefore, we are recommending that at
the very least "CAMI be requested to conduct tests with animals exposed
to the combustion products of the 75 cabin materials presently being
analyzed at NAFEC.'" Because of the success and important findings of
the preliminary study, we know that CAMI is very interested in continuing
this work, even on a large number of materials as we propose. We are
encouraged by the correlation of animal responsiveness determined by
tests at CAMI with analytical measurements conducted at NAFEC, and

are cautiously anticipating similar relationships for most of the remaining
materials. Most people we have talked with would like to see a regulation
based on analytical toxic gas limits with proven physiological significance.
Therefore, it is important that "'this effort be coordinated with NAFEC to
assure a consistent approach and common goals.' Finally, we feel that
this effort at CAMI should include the following: -''measurement.....
monitoring. "

Next viewgraph please. I have also constructed the basic logic for a com-
prehensive program to support a toxic gas emissions regulation. The
components of this program beyond the minimal needs are enclosed in the
dashed block. In either case, the initial effort consists of two tasks:

direct animal exposures to the combustion products from interior materials



and analytical measurements of these combustion gases, If the animal
responses can be correlated from the analytical data, then full-scale
tests, for example, to measure the safety provided by limiting materials
combustion gas levels, and the relationship of animal to human behavior,
are necessary before deriving a defendable regulation. Note that both of
these tasks have possible feedbacks to the initial efforts. On the other
hand, if the initial animal/analytical data cannot be correlated because

of synergistic, antagonistic, or unknown effects, then it may be necessary
to perform acute single or multiple synthetic gas exposures to determine
animal responsiveness, or complete quantitative and qualitative analysis of
the combustion gas mixture.

Final viewgraph please. Many questions concerning cabin fire safety can
only be answered by conducting full-scale tests. Until this time full-scale
tests have been conducted primarily in perishable, surplus aircraft and
have either been '""one-shot affairs'' or have required extremely long

setup times for a test. A permanent, full-scale, wide-bodied cabin fire
test facility is in the preliminary planning phase and is an integral part

of future NAFEC work related to cabin fire safety. This facility would be
applied to support regulatory needs in this safety area. For example, it

"would enable you to ''determine the.....etc.)"

This concludes my presentation. If there is one message that I would

like to leave with you, it is that animal testing is an integral part of any
toxic gas emissions regulation, and that immediate efforts should be made
to utilize CAMI's recognized expertise in this area in a coordinated effort
with NAFEC.
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NBS CHAMBER SMOKE AND GAS ANALYSIS

Test No. 43 Sample No. 3% A4 Date /[/4/7J~

_ s L /4

Sample Description @UVG) . 0’cﬂ%4 Aéc g

Thermal Exposure: Flaming Smoldering
((E‘;n“:‘; TZjans_ Ds CO |HCL |HCN HF | HyS [NO, [NHs |powo|SQ, |TPL
0.5 o o "
1.0 SO )75 ) 2O o1l 2 | /oo
1,5 28 o {
2,0 y1e) 25 §0 3| D
2,5 2120 -~
3,0 Koo FO go 2o | o
3,5 > 1?0 -
4,0 500 TS o 0 (@) S0 | /e
4,5 >120 -
5,0 S00 45 1 /00 2 1//
5.5 >120 — /
6,0 $20 50 ;] 190 40 /7
6,5 7120 — )
7.0 700 50 /00 0 17801 © |
7.5 7 120 —
8,0
8,5
9.0
9.5
10.0

Initial Wt. [ﬂ4/ Wt, Loss é ‘7‘5’ %Wt. Loss _éz.__

Min, Trans. (%) ‘M at i@ min,
Maximum Specific Optical Density, Dy, __j_~_3_l__
Time to Reach 90% Dy 3. i min,

Clear Beam Reading (%) _QL Equiv. Dg _lt_
Dp (corr,) = Dy - D¢ _ﬁj__

Chemical Analysis:
Colorimetric Tube /4// e
Ion Selective Electrode LIRA

Rem":s’ X qu‘('j 6 color Hibes Saterakd at one S’+roK€-!
S*Mb// w/ZZ F/’he out" N f y 7’3
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